A biometrical genetic analysis was conducted on two lines of Drosophila melanogaster that had been selected for wild-type female receptivity and for high mating success of yellow mutant males. Simple additive-dominance models were adequate only for male mating ability measured over 1-hour mating periods. The genetic models for female receptivity required the inclusion of sex-linkage, maternal genetic effects and digenic interactions. Some of the genetic parameters were found to change with the duration of testing. The two selection lines had diverged genetically during the selection régime and shared little of the genetic architecture for male mating ability or for female receptivity.
A LARGE amount of work has been done on the behaviour of Drosophila melanogaster and detailed genetic analyses of the bases of the behavioural differences observed between selection lines and between inbred lines have been published. Good examples of the potential information available from such studies are the work of Hirsch (1967) who conducted a series of chromosome assays on strains selected for geotaxis, and Hay (1972) who analysed, with biometrical genetic techniques, the activity and preening of inbred lines raised in different environments.
The benefits of applying the methods of quantitative genetics to behavioural traits have been discussed by Broadhurst and Jinks (1961, 1974) , Roberts (1967) and Hay (1972) . Briefly, such analyses examine the genetic architecture of a phenotype and lead to inferences about the phenotype's selective history.
The poor mating ability of yellow mutant Drosophila melanogaster males has been known for some time (Sturtevant, 1915; Bastock, 1956) . However, artificial selection for increased mating success of yellow males paired with wild-type females has been successful and has resulted in changes in both sexes (Dow, 1976) . Therefore, a biometrical genetic analysis of the selection lines has been undertaken to provide information about the genetic architecture of yellow male mating ability and wild-type female sexual receptivity.
MATERIALS AND METHODS
Artificial selection for increased success of the mating, wild-type female x yellow male, was initiated from two inbred stocks of Drosophila melanogaster By the 28th generation of selection, mating success was 100 per cent (adjusted for sterility) in the selection lines, compared with a control mating success of less than 2 per cent. Further details of the selection procedure and results can be found in Dow (1976) . During the course of selection the lines had become inbred, therefore, a biometrical genetic analysis was undertaken without further inbreeding. Each selection line was crossed with both the wild-type (designated as A) and the yellow (designated as Y) parental inbred strains in all possible combinations and their reciprocals, to produce F1, F2 and BC generations. Crosses were made with approximately 50 parental pairs in 300 ml bottles. The progeny from different bottles were pooled. All F1 generations were grown simultaneously and tested before the segregating generations were grown. The F2 and BC generations were grown at the same time and were tested on one day. Thus, differences in time of culturing and testing, between pooled bottles and between pooled matings are additional sources of variance in the following analyses. However, a series of investigations on the parental inbred lines has indicated that differences in time of culturing and testing, age, bottles, vials, fly density, temperature, and light riigime are not significant sources of variance; a heterogeneity chi-square on all such tests yields x2 = l368, d.f. = 13, 05> P> O3, N = 3152.
The mating abilities of the various yellow male genotypes produced by such a set of crosses were measured by pairing each yellow male genotype with selection line II wild-type females and scoring how many females were inseminated. Similarly, the sexual receptivities of the various wild-type female genotypes were measured by pairing each wild-type female genotype with selection line II yellow males and noting how many females were inseminated. By keeping one sex partner constant, the effect of the other sex's genotype on mating success could be evaluated without the complication of differential interaction effects between the sexes. The " tester" flies were pooled across bottles and assigned to generations at random.
These test pairings were conducted by lightly chilling 20 wild-type females and 20 yellow males, and placing them into Perspex observation chambers (65 x 45 x 15 mm). All flies recovered from the chilling within 5 mm. The number of matings which occurred in the following hour was noted. The flies were then placed in vials with well yeasted Drosophila medium for a further period to ensure the insemination of all receptive females. This period was 2 days when testing yellow male genotypes for mating ability and 7 days when testing wild-type female genotypes for sexual receptivity. At the end of this time the males were discarded and the females were housed singly to determine if mating had occurred (from the presence of larvae). Since mating ability was assayed by the presence of progeny, it was necessary to exclude the parental inbred lines from the genetic analysis due to their high level of sterility. Therefore, the parental lines were excluded from the analyses for both mating periods.
Flies were 7-12 days old when tested. An attempt was made to test a minimum of three sets of 20 pairs for each generation.
The variability between sets in the percentage of flies mating was examined with the index of dispersion test (Fisher, 1958) , which showed that the results did not conform to the binomial distribution; 25 of 105 tests were significant at the 5 per cent level. Therefore, the percentage mating successes for each set of 20 pairs were transformed to angles for analysis (Snedecor and Cochran, 1967) . Following the techniques of Mather and Jinks (1971) , first degree genetic parameters (see table 1 for the models specifying the parameters) were fitted to the generation means (table 2) by weighted least squares. Each mean was weighted by the inverse of its variance and one iteration of the analysis carried out (Angus, 1974) . When only one set was tested, or when the mating success was 0 per cent, the transformed mating success was weighted by the inverse of its theoretical variance (8208/20). This occurred seven times.
The parameters included in the genetic models are derived from the following set. The overall mean is specified by m; [dj and [h] For line I males, S = Y, P = I; for line II males, S = II, P = Y; for females, S = selected line, P = A.
In sets of 20 pairs.
In degrees.
The initial models for all crosses included the components rn, [d] and [h]. The components [d'x] and [hm] were included in the initial model for yellow line II males since the difference between the reciprocal crosses in B2 (2 days) was significant (d = 2747 866, P <0.05). Sex-linkage components were included in the initial models for wild-type line II females since the differences between reciprocal crosses in B1 were significant (1 hour, d = 654±267, P<005; 7 days, d = 1523±447, P<005). Maternal components were included in the initial models for wild-type line I females since the differences between reciprocal cross in B1 and B2 were significant (1 hour, B1, d = -1222±556, P<005, B2, d = 1320±576, P<005; 7 days, B1, d = -22l7±793, P<005).
With the genetic models investigated in this paper, the generation means of the reciprocal backcross families which use F1 females should not differ and, therefore, can be used as a test of all sources of error except time of culturing. The data presented in table 2 provide 16 such possible comparisons, all of which are not significant at the 5 per cent level. The 16 probabilities can be combined using the method of Fisher (1958) for a more stringent test. This gives a = 2892, d.f. = 32, 07> P>05 and confirms the absence of extraneous sources of variance.
Successive models were generated by a step-down procedure by which non-significant parameters were deleted one at a time in order of increasing value. The I value was calculated by dividing the estimate of the parameter by its standard error (produced by the analysis). The criteria for acceptance of the final model were non-significance of the overall goodness-of-fit chisquare and significance of all included genetic parameters. If a nonsignificant chi-square could not be obtained, interaction components were included in the initial model and the procedure started again. Since generation replicate means with homogenous variances have not been pooled the goodness-of-fit chi-squares should be treated with caution; the variances used as weights are based on few degrees of freedom. However, computer simulations have shown that the goodness-of-fit chi-square is overestimated by this technique and therefore, the probabilities in tables 3 and 4 are underestimates. Copies of the computer program and the results are available on request.
RESULTS (i) !vlales
The genetic architecture for the I-hour mating success of selection line I yellow males was based entirely on a dominant component (table 3) . In the genetic model for 2-day mating success, m was significant and no change had occurred in the dominance component. Dominance was for higher mating success.
A simple additive-dominance genetic model was adequate for the 1-hour mating success of selection line II yellow males. The dominance component was larger in magnitude than the additive component. Dominance in this line was for lower mating success. In the 2-day model neither the additive nor the dominance component had changed. However, either a sex-linked or maternal component was required in the 2-day model. Dominance in line II was of the same magnitude as that in line I but in the opposite direction. The 1-hour receptivity of selection line II wild-type females was adequately described by m, an additive component and a dominant sex-linked component (table 4). In the 7-day model, the additive component had significantly increased and homozygote x homozygote interaction was present.
The magnitude of [d] was similar in the two selection lines and in both lines increased to the same extent from the 1-hour to the 7-day mating period.
166
MAURICE A. DOW P>0-l0
(ii) Females
The genetic model for 1-hour receptivity of selection line I wild-type females contained additive, dominance, and additive maternal components (table 4). The dominance component was larger in magnitude than the additive component and negative; dominance was for lower sexual receptivity. In the model for 7-day receptivity, the dominance and additive maternal components were the same as in the I-hour receptivity model, but the additive component had increased. 
Diseussio
Five of the eight genetic models fitted in this investigation have required more than additive and dominance components for non-significant goodnessof-fit x2. All four of the models for wild-type female sexual receptivity have been in this category. This suggests that the genetic control of female receptivity is more complex than that of male mating ability.
Sex-linked and maternal effects were the most frequently required extra components. This is similar to the results of Hay (1972) who found that the genetic architectures of activity and preening were complex; 15 of 20 models required more than additive and dominance components, and 12 of these required sex-linked and/or maternal effects.
Changes in the values of genetic parameters with the number of tests have been found by Broadhurst and Jinks (1966) and by Wilcock and Fulker (1973) . Similarly, changes with the duration of testing have been found in the genetic architectures of yellow male mating ability and wildtype female receptivity in these selection lines. In the males, apart from increases in the means, one of four estimates of genetic parameters was significantly different between the 1-hour and 2-day models. A similar comparison for the females reveals that for them, three of six estimates of genetic parameters were significantly different between the two models.
It has been suggested that selection lines should be replicated to reduce the likelihood that spurious associations are considered significant and to increase the generality of any conclusions (DeFries, Hegmann and Haleomb, 1974) . The necessity for considerable replication of selection lines is confirmed by the results presented here. Both selection lines were started from the same parental inbred stocks and the maintenance and selection procedures for them were identical. Yet the lines have diverged over the 28 generations of selection, both behaviourally (Dow, 1976) and genetically. This is not atypical for Drosophila selection experiments (Clayton and Robertson, 1957) . Only one genetic parameter has a similar pattern in the two selection lines ([d] for females). However, as the pattern shown by [d] is common to the two selection lines, it may be of interest to speculate about its possible evolutionary significance.
The sexual receptivity of wild-type females to yellow males over a 1-hour mating period shows additive and dominance components in both lines (in line II the dominance component is sex-linked). In both lines the dominance component is for low receptivity to yellow males. This may not be unreasonable, as yellow males have abnormal courtship and have low sexual fitness (Dow, 1976) . This suggests an evolutionary history of directional dominance for low sexual receptivity to courting males (yellow) over short mating periods. There were no significant changes in the dominance components for sexual receptivity over a 7-day mating period. But the additive component was significantly increased in the 7-day models of both lines. This suggests a relative increase in sexual receptivity to yellow males and an evolutionary history of selection for an optimum. This pattern may be adaptive for the following reason. When first confronted with an abnormally courting male, it may be adaptive for a female to show low receptivity; it is likley that she will encounter more males in the near future, some of which may be good courters. However, if a female has encountered only poor courters over a long time period (e.g. 168 MAURICE A. DOW a week) it may be adaptive for her to be less choosy and to be more receptive to abnormally courting males, otherwise she might not even mate.
The results of selection presented here clearly indicate that the same phenotypic end-point (normal yellow male mating success with wild-type females) can be achieved by many genetic architectures.
